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[57] ABSTRACT 

A matrix array spray head including a valve section for 
controlling nozzles is disclosed. The spray head is formed by 
a series of alternately stacked plates having channels formed 
in alternate plates for supplying either pressurized gaseous 
propellant or a composition to be applied by the spray head. 
Compositions appropriate for spraying with the spray head 
include paint powder. liquid paint. conformal coatings. ?ux. 
Water and other materials and ?uids which may be atomized 
when combined with a high pressure gaseous stream. Flow 
of the composition and gaseous stream may be controlled in 
the valve section by means of memory metal valves having 
memory metal valve elements that move in response to the 
application of electrical current controlled by a logic control. 
The computer logic control of the valves provides a spray 
head having a computer-addressable array of tiny spray 
nozzles. 

'7 Claims, 2 Drawing Sheets 
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MATRIX ARRAY SPRAY HEAD 

TECHNICAL FIELD 

The present invention relates to a multiple nozzle spray 
head for spraying paint or other compositions. 

BACKGROUND ART 

Spray nozzles have been developed to transfer paint 
powder. liquid paint. conformal coatings. flux and other 
materials and ?uids in a high pressure gaseous stream. Spray 
nozzles have been developed such as that disclosed in US. 
Pat. No. 5.549.246 to spray plural component materials 
toward each other in a compressed air stream. This type of 
nozzle construction is a very complex and intricate con 
struction having many component parts. 

Similarly. as disclosed in US. Pat. No. 4.564.846. dot 
matrix printing heads have been developed for printing 
wherein discrete droplets are projected from a matrix print 
ing head. Individual dots of supply ink are provided by a 
manifold to dot valves arranged in columns. The valves are 
electrically actuated to form the dots of the dot matrix in a 
matrix relationship. 
There is a need for a compact matrix array spray head 

which includes a matrix of tiny spray nozzles mounted on 
the spray head for depositing paint. conformal coating. ?ux. 
water. or other materials. The tiny spray nozzles can be 
arranged in a matrix array so that diiferent coatings such as 
diiferent colored paints or conformal coatings and ?ux can 
be applied in a tightly focused pattern onto a workpiece. 
The size and complexity of the spray head are preferably 

minimized to allow the spray head to be used in con?ned 
areas. As an example of an application where such a matrix 
array paint spray head is needed is in the decoration of 
instrument panel displays wherein several colors of paint are 
applied to provide the decorative displays observed by the 
vehicle driver. A matrix array paint spray head capable of 
performing such a function would require selectively and 
precisely controlled valving. 

These and other problems and disadvantages associated 
with prior art spray heads are addressed by applicants’ 
invention as summarized below. 

SUMMARY OF THE INVENTION 

The present invention relates to a matrix array spray head 
comprising a plurality of nozzles arranged in a matrix. Each 
nozzle has channels for mixing in the spray head a pressur 
ized gaseous propellant and a composition to be applied to 
a workpiece. A plurality of plates are arranged in a stacked 
relationship to de?ne channels for supplying the pressurized 
gaseous propellant. supplying the composition. mixing. and 
directing the pressurized gaseous propellant and composi 
tion. A plurality of gas supply valves associated with each 
channel for supplying pressurized gaseous propellant are 
each provided with an independently and selectively con 
trolled valve element which is movable between a ?ow 
blocking position and a ?ow position. A plurality of com 
position supply valves associated with each channel for 
supplying the composition are each independently selec 
tively controlled by a valve element which is movable 
between a ?ow blocking position and a ?ow position. A 
logic control selectively moves the gas supply and compo 
sition supply valves of selected nozzles as dictated by the 
pattern to be generated by the matrix array spray head. 
The valve elements are preferably formed at least in part 

of memory metal which is connected to an electrical circuit 
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controlled by the logic control. The memory metal changes 
shape in response to application of heat caused by the 
application of electrical current. By heating and cooling the 
memory metal. the valve elements are moved between the 
?ow blocking and flow positions. 

According to another aspect of the invention. the channels 
formed in the plates are formed by silicon micromachining. 
The gas supply valves and composition supply valves may 
also be formed by silicon micromachining portions of the 
plates or a separate valve matrix plate. The valve elements 
are assembled to the portions which have been silicon 
micromachined so that as current is applied to the memory 
metal valve elements. the elements are moved between ?ow 
blocking and ?ow positions. 

It is an object of the invention to provide a simple 
sandwich construction for a matrix array spray head wherein 
multiple layers. each including several nozzles per layer. 
cooperate to provide a valve. In a preferred embodiment. the 
layers are alternately provided with compressed air supply 
channels and composition supply channels. 

It is another object of the invention to provide a matrix 
array spray head which utilizes memory metal valves which 
are simple and compact and can be designed to provide 
precise control allowing for quick turn on and off of the 
composition to be applied by the spray head. 

It is another object to provide a matrix array spray head 
including valves which are durable and simple. 

It is yet another object of the invention to provide a simple 
matrix array spray head having the minimum number of 
moving parts required to provide a plurality of tiny paint 
spray nozzles mounted around a spray head for deposition of 
paint. conformal coating. ?ux. or other compositions in 
silicon micromachined channels formed in a sandwich con 
struction spray head. 

It is still another object of the invention to provide a 
matrix array spray head which makes it possible to make a 
computer-addressable array of tiny spray nozzles. 

It is a further object of the invention to provide silicon 
micromachined spray nozzles that can be computer-actuated 
as necessary to obtain a focused deposition of paint or other 
coating onto a workpiece while minimizing overspray of 
paint and improving paint transfer e?iciency. 

These and other objects. features. and advantages of the 
present invention will be understood in view of the attached 
drawings and in light of the following detailed description of 
preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view partially fragmented away of 
matrix array spray head and valve section made in accor 
dance with the present invention; 

FIG. 2 is a perspective view of a matrix array spray head 
and valve section made in accordance with the present 
invention; 

FIG. 3 is a cross-sectional view of a memory metal valve 
made in accordance with the present invention showing the 
valve in its open position; 

FIG. 4 is a cross-sectional view of a memory metal valve 
made in accordance with the present invention showing the 
valve in its ?ow blocking position; 

FIG. Sis a cross-sectional view of an alternative embodi 
ment of a memory metal valve made in accordance with the 
present invention in its open position; and 

FIG. 6 is a cross-sectional view of a memory metal valve 
made in accordance with the present invention in its ?ow 
blocldng position. 
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Best Mode For Carrying Out The Invention 

Referring now to FIGS. 1 and 2. a matrix array spray head 
10 and its associated valve section 12 are illustrated. The 
matrix array spray head 10 includes a plurality of nozzles 14 
through which atomized compositions are sprayed in a 
controlled pattern. The nozzles 14 are preferably very small 
and computer-actuated as necessary to obtain a focused 
deposition on a workpiece. The nozzles are actuated using 
valves contained in the valve section 12 as will be more fully 
described below. While memory metal valves are disclosed. 
other types of valves may be incorporated in the invention 
without departing from the scope of the invention. The 
matrix array spray head provides a computer-addressable 
array of tiny spray nozzles. 
The matrix is formed by arranging a plurality of plates in 

a stacked relationship including a propellant plate 16 and 
composition plate 18. A propellent channel 20 is provided in 
the propellent plate 16. A composition channel 22 is pro 
vided in the composition plate 18. 
Compressed air or another propellent is directed through 

the propellent channel 20 at a pressure of up to 150 psig. A 
composition such as liquid paint. paint powder. conformal 
coating. ?ux. water. or other ?uid to be atomized or sprayed 
with the propellent is provided through the composition 
channel which extends through the composition plate at a 
pressure of up to 90 psig. 
The valve section 12 includes propellent valve elements 

26 and composition valve elements 28 which are associated 
with the propellent channel 20 and composition channel 22. 
respectively. The propellent is directed through the propel 
lent valve element 26 and the propellent channel 20 into a 
propellent chamber 30 of the nozzle 14. The composition to 
be deposited is directed by the composition valve element 28 
through the composition channel 22 through the composi 
tion plate 18 into a composition chamber 32. 
The propellent is directed through a mixing chamber 34 

where it mixes with the composition which has been pro 
vided to the composition chamber 32. The composition is 
atomized in the mixing chamber 34 and directed with the 
propellent through the spray opening 36 of the nozzle 14. 

Logic control 40 is electrically connected by wires 42 to 
the valve sections to control operation of the valve elements 
26 and 28. 

Refen'ing now to FIGS. 3 and 4. a memory metal valve 50 
made in accordance with one embodiment of the present 
invention is illustrated. The memory metal valve 50 includes 
a memory metal actuator 52 which is restrained between a 
base plate 54 and a valve port 56. The memory metal 
actuator 52 is movable between the open position shown in 
FIG. 3 to the closed position shown in FIG. 4 by the 
application of electrical energy to the memory metal actua 
tor 52 through the wires 42 in response to commands of the 
logic control 40. The memory metal actuator 52 allows ?ow 
from the supply ori?ce 58 through the valve port 56 when 
the memory metal valve 50 is in the position shown in FIG. 
3 and prevents such ?ow when in the position shown in FIG. 
4. 

Referring now to FIGS. 5 and 6. an alternative embodi 
ment of a memory metal valve is shown wherein the 
memory metal actuator layer 64 is moved from an open 
position as shown in FIG. 5 to a closed position as shown in 
FIG. 6. A projection 66 is secured to the memory metal 
actuator layer 64 and moved between the open position 
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shown in FIG. 5 to the closed position shown in FIG. 6. The 
projection 66. as shown in FIG. 6. is moved to a closing 
position over valve seat 68. A valve port 70 is provided 
through the memory metal actuator layer 64. Back plate 72 
includes supply ori?ce 74 through which pressurized mate 
rial such as the gaseous propellent or the composition to be 
applied is supplied to the plenum 76. From the plenum 76. 
the pressurized material ?ows through the valve port 70 
when the memory metal valve is in the position shown in 
FIG. 5. 

It will be readily appreciated by one of ordinary skill in 
the art that the above description of the present invention 
may be modi?ed without departing from the spirit and scope 
of the present invention. The scope of the present invention 
should be interpreted based upon the following broad claims 
to the invention. 

What is claimed is: 
l. A matrix array spray head comprising a plurality of 

nozzles forming a spray head. each of said nozzles mixing 
a pressurized gaseous propellant and a composition to be 
applied to a workpiece by the spray head. comprising: 

a plurality of plates arranged in a stacked relationship and 
having channels formed therein for supplying the pres 
surized gaseous propellant. the composition. and for 
mixing and spraying the pressurized gaseous propellant 
and composition; 

a plurality of gas supply valves are provided with each 
being associated with one channel for supplying pres 
surized gaseous propellant. said gas supply valves each 
having an independently selectively controlled valve 
element which is movable between a ?ow blocking 
position and a ?ow position; 

a plurality of composition supply valves are provided with 
each being associated with one channel for supplying 
the composition. said composition supply valves each 
having an independently selectively controlled valve 
element which is movable between a ?ow blocking 
position and a ?ow position; and 

a logic control selectively opening gas supply valves and 
composition supply valves of selected nozzles. 

2. The apparatus as described in claim 1 wherein said 
valve elements are formed. at least in part. of memory metal. 
said memory metal links being connected to an electrical 
circuit controlled by the logic control. 

3. The apparatus as described in claim 1 wherein the gas 
supply valves and composition supply valves are formed by 
silicon micromachining. 

4. The apparatus as described in claim 3 wherein the 
channels for supplying the gaseous propellant and compo 
sition are formed by silicon micromachining. 

5. The apparatus as described in claim 1 wherein the 
plurality of plates are stacked to alternately provide com 
pressed air supply channels and composition supply chan 
nels. 

6. The apparatus as described in claim 1 wherein the 
composition is selected from the group comprising liquid 
paint. powdered paint. conformal coating. ?ux. water. or 
other ?uid. 

7. The apparatus as described in claim 1 wherein the logic 
control is a computer logic control and the nozzles are a 
computer-addressable array of tiny nozzles. 

* * * * * 


